Fig. S1:
Instrumentation of DXB at the synchrotron radiation facility and at the laboratory. . The AFM image was obtained using an MM-AFM NanoScope IIIa (Bruker) under an air condition. The height of gold nanocrystals was analysed using the grain analysis function of the Gwyddion software 1 .
Fig. S4:
Lab-DXB ACF analysis of AChBP at time resolutions of 1 sec/f (a) and 0.1 sec/f (b) with same fitting range (from 1 to 30 seconds). Fitting parameters and those standard errors for ACF curves are shown at Table S5 . Table S1 : DXT and DXB measurements with different X-ray sources. 129.4 Table S2 : Fitting parameters and those standard errors for ACF curves under a water condition. ACF curves were fitted using weighted least-squares fitting to the following equation: ACF(t) = k + A exp(-Τt), where ACF is an auto-correlated function of diffraction intensity, k is a constant, A is the amplitude of the function, Τ is the decay constant and t is the time interval. The standard error of ACFs on the Au(111) pixels were used for the weight values for fitting and to obtain chi-square. 2.54 Table S3 : Fitting parameters and those standard errors for ACF curves in air. ACF curves were fitted using weighted least-squares fitting to the following equation: ACF(t) = k + A exp(-Τt), where ACF is an auto-correlated function of diffraction intensity, k is a constant, A is the amplitude of the function, Τ is the decay constant and t is the time interval. The standard error of ACFs on the Au(111) pixels were used for the weight values for fitting and to obtain chi-square. Table S4 : Fitting parameters for MSD curves in Figure 3B . Using a least-squares technique, the lines in Figure 3B were fitted to MSD=a 2 + 4Dt, where MSD is the meansquare angular displacement, a is square root of the intercept of MSD curve, D is the angular-diffusion constant and t is a time interval. Table S5 : Fitting parameters and those standard errors for ACF curves in the AChBP experiments with fitting time range from 1 to 30 seconds (Fig. S4) . Using a weighted leastsquares method, ACF curves were fitted to ACF(t) = k + A exp(-Τ t), where ACF is an auto-correlated function of diffraction intensity, k is a constant, A is the amplitude of the function, Τ is the decay-time constant and t is the time interval. k is fixed on a value obtained in Table 1 . The standard error of ACFs on the Au(111) pixels was used for the weight values for fitting and to obtain chi-square.
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